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The purpose of this investigation was to study the 
magnitude and distribution of sulfur dioxide in the air 
surrounding the smelter of Missouri Lead Operating Company 
(now AMAX Lead Company of Missouri) in southeast Missouri, 
and evaluate the inter-relationships between sulfur dioxide 
incidents, meteorological factors, and plant operations. 
Field research was conducted employing two weather 
stations and three sulfur dioxide monitoring stations. The 
data obtained from strip charts at each station were 
recorded and analyzed manually as well as by UMR computer 
facilities. From the studies conducted, it was found that 
the annual predominant winds occurred from S and SE while 
the seasonal prevailing winds occurred from N, SE, S, WNW 
and NW. The monthly and seasonal distribution of sulfur 
dioxide levels showed that about 56 to 93 percent of the 
time the sulfur dioxide concentrations were less than 0.3 
pphm. However, the hourly sulfur dioxide concentrations 
ranged from 0 to 135 pphm (more than 5 times the 1-hour 
Missouri air quality standard). The ambient sulfur dioxide 
level was directly affected by the distance from the smelter, 
however, the relationship between the distance and pollutant 
concentration was reversed during high wind periods with 
large wind frequencies. 
The plant operating conditions were found to affect 
the incident mean and peak sulfur dioxide levels and dosage. 
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I. INTRODUCTION 
Since 1907, Missouri has been the largest producer of 
lead in the Nation and has paced the United States to 
become one of the major lead producing countries in the 
world (l). The discovery of new ore bodies at Viburnum, 
Missouri, in 1955, by the St. Joseph Lead Company attracted 
many mining companies to this area for exploration (l). In 
1962, additional ore discoveries established the magnitude 
of the new lead trend ranging in width from a few hundred 
yards to more than two miles and extending as a 40-mile 
belt almost south of Viburnum through Iron and Reynolds 
counties (1,2). This new ore district was called the "New 
Lead Belt" or "Viburnum Trend" (Figure 1). This increased 
output for the New Lead Belt exceeded production in the old 
lead belt in 1964 and the continued establishment of new 
mine-mills and lead smelters signaled a modern industrial 
area (l). Mining, milling, and smelting operations were 
located mostly within the boundaries of the Clark National 
Forest. In 1970, the production of this new lead district 
helped the southeast Missouri to become the world's largest 
region of lead production by mining 432,576 tons of lead 
valued at over $135 million (l). 
The enormous increase of lead production in the New 
Lead Belt was accompanied by air quality problems associated 
with the browning of the trees in the Clark National Forest. 
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was observed during the summer of 1970 over an approxi-
mately 2 by 5 mile-area stretching from northeast to south-
west of the Missouri Lead Operating Company or MOLOC 
(presently AMAX Lead Company of Missouri) smelter near Boss, 
Missouri. Such an episode created a deep concern among the 
industrial representatives and the authorities both at 
state and federal levels. Consequently, with the coopera-
tion of the MOLOC, the U.S. Forest Service, and the 
University of Missouri-Rolla, a research study was initiated 
in 1970 to investigate the quality of the air to determine 
if the vegetation damage in the surrounding area was due to 
emissions from the lead smelting operations. 
The research work reported in this thesis was one part 
of the above cooperative study and was the first step taken 
for protecting forest resources during the period September 
1970 to November 1971. The main objective of this study 
was to determine the magnitude and distribution of sulfur 
dioxide surrounding the smelter area and specifically: 
1. to evaluate the meteorological parameters affecting 
the sulfur dioxide distribution, 
2. to determine the temporal and spatial variation of 
sulfur dioxide~ 
3. to correlate the air quality with various meteoro-
logical elements including wind speed, wind direction, 
ambient air temperature, and relative humidity, 
4. to determine the distribution of sulfur dioxide 
levels exceeding Missouri air quality standards~ and 
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5. to study the inter-relationships between sulfur 
dioxide incidents, meteorological factors, and plant 
operations. 
In order to achieve the above proposed objectives, two 
weather stations and three sulfur dioxide monitoring 
stations were established surrounding the study area. The 
weather information was mainly derived from the MOLOC 
station because complete data were available at this station 
for the study period. 
Work performed included reading and recording of data 
from the strip charts at each station as well as the 
tabulation, arrangement, and analysis of meteorological and 
sulfur dioxide data. Several computer programs were written 
to handle the data obtained during this study, and UMR 
computer facilities were used to do the calculations. 
Finally, the computer outputs were evaluated. 
5 
II. REVIEW OF LITERATURE 
Research findings and existing knowledge concerning 
air pollution problems of lead smelting, meteorological 
studies and air quality standards are presented in this 
chapter. 
A. Air Pollution Problems of the Lead Smelting Industry 
The air pollution problems associated with lead 
smelting operations are emissions of smoke, dust, fumes and 
gases. These emissions are produced mainly from the 
sintering of lead ore containing 14 percent sulfur (which 
is converted to sulfur dioxide during the sintering process) 
and also from the operation of the blast furnace, a 
relatively minor but highly variable pollutant source (3,4). 
At the Helena, Montana, smelter the off-gases from the 
sintering operation pass through an electrostatic 
precipitator for dust removal and then are discharged to 
the air through a tall stack (5). However, at the MOLOC 
plant, the off-gases from the sinter machine are passed 
through the acid plant for the manufacture of sulfuric acid 
and the remaining gases are then emitted into the atmosphere. 
The amount of sulfur dioxide and particulate 
(including zinc, selenium, cadium, copper, etc.) emissions 
from lead smelting industries depends upon the operating 
duration of sinter and acid plants as well as the blast 
furnace. Especially, when the acid plant is shut down or 
6 
malfunctioning, the pollutant emissions will increase. 
B. Air Pollution Studies Involving Meteorological Factors 
This section covers the studies pertaining to the 
meteorological factors in air pollution research and the 
influence of weather conditions on the pollutant levels in 
the air. 
In 1939, Morris (6) concluded from his studies that 
wind speed and direction determined the rate and region in 
which smoke was dispelled. The Smoke Prevention Association 
of America (7) reported that wind velocity and wind 
direction were the two most important and potent meteoro-
logical elements to affect measured suspended impurity. 
White and Pack (8) suggested that wind speed and direction, 
precipitation, and atmospheric stability were the major 
meteorological factors to influence the reactor-site 
selection. The meteorological studies of air pollution in 
the community at Louisville, Kentucky (9), showed that wind 
frequencies of high pollutant concentrations were closely 
associated with the wind coming from the main pollutant 
source. Frank and Kerr (10) conducted community air 
pollution surveys and reported that wind, temperature, 
precipitation, and cloudiness were the important weather 
factors for pollution investigation. Turner's studies (11) 
concluded that the meteorological variables of temperature, 
wind speed, and stability of the atmosphere determined the 
cycle of 24-hour city-wide sulfur dioxide concentrations and 
7 
soiling indices. Hewson and Gill (12), during their 
investigation of air pollution in the area of the Consoli-
dated Mining and Smelting Company in Columbia River valley 
near Trail, B.C. , Canada, found that the sulfur dioxide 
levels were controlled largely by the time of the day, the 
wind speed and direction, the amount of turbulence and 
diffusion, and the topography of the location. Munn and 
Ross (13) analyzed the smoke observations at Ottawa, Canada, 
and reported the frequency distribution of pollutant 
concentrations for various months. Moses et al. (14) 
studied the effects of meteorological variables upon the 
radon ground level concentrations. Kanno et al. (15) from 
their studies of air pollution problems in Yokohama, Japan, 
reported the monthly and seasonal diurnal variation of 
sulfur dioxide concentrations, and the relationship between 
sulfur dioxide concentration and wind speed and direction. 
Baulch (16) from his studies at Nashville, Tennessee, 
related "wind gustiness" to sulfur dioxide concentrations. 
Davidson (17) studied the weather effects on the dust 
levels in New York City and found that the dust concentra-
tion varied inversely as the square roqt of wind velocity, 
and the daily variation of dust concentration depended more 
on the wind velocity than on the mean daily temperature. 
Hewson (18) reported that the distribution of contaminants 
was not only influenced by wind, rain and atmospheric 
stability but also by dispersion, dilution and washout 
mechanisms. The effect of washout on contaminants in the 
Jw ·""'·.-. 
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air by precipitation was also observed by Ranz and 
Johnstone (19). 
C. Air Quality Standards 
The development of air quality standards are based on 
the relationships between the ambient air pollution levels 
and the effects caused by these levels (20). Concentration, 
averaging time, and frequency of occurrence are the three 
elements generally used to describe the atmospheric 
pollution levels and their effects on vegetation, animal 
and human life. 
The committee on "Interstate Air Pollution Study" 
conducted a study in the St. Louis area and suggested air 
quality goals for sulfur dioxide as indicated below (21): 
Maximum Annual average 2 pphm. 
24-hour average of lO pphm not to be exceeded over 
l percent of the days in any 3-month period. 
l-hour average not to exceed 20 pphm more than once 1n 
any 4 consecutive days. 
5-min. average not to exceed 50 pphm more than once in 
any 8 hours. 
They used four different averaging times to describe the 
proposed air quality criteria for sulfur dioxide. The 
criteria document published by the U.S. Department of 
Health, Education, and Welfare in 1967 (22) included a 
summary of 79 cause-effect statements, and air quality 
criteria for sulfur dioxide as shown in Table I. 
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Table I. Air Quality Criteria for Sulfur Dioxide As 
Proposed by the National Center for Air 
Pollution Control, March 1967 (22) 
Time Period Maximum l Percentile (pphm) (pphm) 
24-hour Average S-8 4-6 
1-hour Average 12-20 5-ll 
5-min. Average 10-50 5-14 
Revisions of these criteria were reported later in 1969 
reflecting the reevaluation and modification of the existing 
air quality criteria (23). The factors considered 1n 
developing air quality criteria were properties of pollution, 
measurement methods, exposure parameters, characteristics 
and responses of receptors (23). 
The Clean Air Act of 1970 extending the description of 
pollution control required the establishment of national 
primary and secondary ambient air quality standards (24). 
Primary standards are set to protect public health, while 
secondary standards are set to protect against the known or 
anticipated effects of air pollution on property, materials, 
climate, economic values, and personal comfort (24). In 
1971, the Federal Government issued standards on which state 
and local regulations must be based (25). At the state and 
local levels, the regulatory agencies are, generally, 
concerned with both ambient air quality and actual smelter 
emissions. Ambient air quality standards refer to pollution 
in the air at the property boundary of the smelter 
10 
operations, generally at ground level. Emission standards 
limit the amount of sulfur that could be discharged to the 
atmosphere, and are expressed as a percentage of the total 
sulfur charged to the smelters or emission rate in pounds 
per hour, and are more restrictive. 
Missouri air quality standards were established by the 
Missouri Air Conservation Commission and became effective 
April 3, 1971 (26). According to Regulation S-X, the air 
quality standards for sulfur dioxide for outstate Missouri 
are shown in Table II. 
Table II. Missouri Air Quality Standards (26) 
No person may cause or permit the emission of sulfur dioxide 
from any source in excess 0£ one thousand (1000) pounds per 
hour except when such emissions do not cause or contribute to 
concentrations and frequencies exceeding those specified in 
the following table in the ambient air at any occupied place 
beyond the premises on which the source is located: 
Concentration Averaging Time 
Maximum Allowable 
Frequency 
25 pphm or more 1-hour 
Once in any 4 days 
any sampling site 
7 pphm or more 24-hour 
Once in any 90 days 





III. DESCRIPTION OF THE STUDY AREA AND MONITORING STATIONS 
This chapter deals with the location and nature of the 
area in which the study was conducted, the type of industry 
and pollution sources responsible for the emissions, and the 
monitoring and meteorological stations employed in 
evaluating the relationships between the pollutant concen-
tration and weather elements. 
A. Study Area 
The investigation was carried out in an area 2 x 3.5 
miles surrounding a lead smelter near Bixby, within the 
limits of Iron County in southeast Missouri. This south-
eastern part of Missouri is mostly within the Clark National 
Forest of the U.S. Forest Service. The smelter (Figure 2) 
is owned by Missouri Lead Operating Company (MOLOC), a 
subsidiary of AMAX-Homestake, and operated on the lands 
bought from the U.S. Forest Service. The study covered the 
monitoring of sulfur dioxide levels in the air and the 
measurement of weather conditions in a topographically 
complicated area in which mines, mills and lead smelters 
are operating. 
1. Topography. 
The study area located south of Bixby and north of 
Buick mine is typically rolling Ozarks characterized by 
hilly and forested terrain with valleys and ridges. The 
MOLOC smelter is situated at the center of the study area at 
13 
Figure 2. MOLOC Smelting Plant 
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an elevation of 1400 ft. above sea level. From the smelter 
northeast to Bixby and southeast to the Buick mine, there is 
a high level region along the St. Louis-San Francisco rail-
road (Figure 3). East of the smelter plant, the land slopes 
down to an elevation of 1300 ft. into a tailings pond, and 
in the northwest, the terrain gradually decreases to a 
section of Highway 32 about 150 ft. lower than the smelter 
elevation and rises thereafter. 
Most of the study area is densely covered with oak 
timber and shortleaf pines except for the surrounding region 
around the smelter, mines and a few farms. 
2. Industry. 
The Magmont mine of Cominco American, and the Buick 
mine and lead smelter of AMAX Lead Company of Missouri are 
the industries operated within the study area. The major 
source of pollution was found to be due to the lead smelting 
operations, while the mining operations yielded a relatively 
minor amount of pollutants. During the smelting operations, 
strong gases produced by the lead-ore sintering process 
were recovered as sulfuric acid and the remaining tail gases 
were emitted into the air through the acid plant stack. 
However, the weak tail gases from sintering as well as the 
gases produced by the operation of blast furnace were 
discharged through the main stack into the atmosphere which 
contributed the major pollutant emissions. The general flow 
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The selection of sampling stations was mainly dictated 
by the problem of power supply as well as the convenience of 
installation. Based on the above considerations, two 
meteorological stations and three sulfur dioxide monitoring 
stations were established during the study period (Figure 3). 
1. Meteorological Stations. 
a. MOLOC station 
This station, located 900 ft. SSE of the main stack 
(161 degrees bearing), was established in order to obtain 
the weather information near the main stack. The existing 
wind transmitter and recorder were used to measure wind 
speed and direction. The aerovane had been installed 12 ft. 
above the top of a 30-ft. diameter and 35-ft. high steel 
water tank. Sinter preparation and sinter machine buildings 
were to the west of the water tank. The temperature and 
relative humidity was measured with a hygrothermograph 
housed in a standard instrument shelter near the water tank. 
b. Buick Tower station 
This station was located at a distance of about two 
miles south (173 degrees bearing) of main stack. A wind 
sensor and recorder system was mounted on a retractable arm, 
50 ft. above the ground, extending from a 100-ft.U.S. Forest 
Service fire tower for the measurement of wind speed and 
direction, ambient temperature as well as relative humidity. 
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The measurement system at this station was less subject to 
the influence of trees or buildings than the MOLOC station. 
2. Sulfur Dioxide Monitoring Stations. 
a. MACC and MACC-1 stations 
The MACC (Missouri Air Conservation Commission) 
station was installed in a trailer located in the Magmont 
mine area, some 2000 ft. from the main stack at a bearing of 
41 degrees. This station utilized a portable sulfur dioxide 
acralyzer and recorder to monitor the sulfur dioxide 
concentration in the ambient air. 
After operating for a period of four months, the 
MACC station was moved to a new location, called the MACC-1 
station, on June 30, 1971. This .new location was 965 ft. 
from the main stack at a bearing of 34 degrees. The reason 
for selection of the new location was to eliminate the 
influence of sulfur dioxide leakage from a tank storing the 
gas used in the flotation process by the Cominco American's 
Magmont Mine. Since research conducted was basically to 
study the air quality affected by the MOLOC smelter 
operations, the MACC monitoring system had to avoid any 
pollutant contribution from other sources. 
b. Bixby station 
The location of this station was nearly in the same 
direction (37 degrees bearing) as the MACC station. However, 
the distance from the main stack to the Bixby station was 
7200 ft., more than 3.5 times the distance from the stack to 
MACC station. Hence, the comparison of sulfur dioxide 
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concentration recorded at these two stations could be used 
to investigate the dispersion effect on the air pollutant 
levels along the distance. The monitoring instrument used 
at this station was a coulometric sulfur dioxide analyzer 
and a recorder installed inside a trailer in an area 
surrounded by trees. 
c. Buick Tower station 
The establishment of the Buick Tower station was 
mainly for the purpose of monitoring ambient sulfur dioxide 
concentration at a place 10,000 ft. away from the emission 
source. This farthest station was located in the forest 
ranger building beside the Buick Tower weather station. 
The Buick Tower station also employed a coulometric 
sulfur dioxide analyzer and a recorder to measure the sulfur 
dioxide in the ambient air. 
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IV. EQUIPMENT AND PROCEDURES 
Research work was carried out utilizing meteorological 
and sulfur dioxide monitoring equipment. Two meteorological 
stations were located to measure wind speed, wind direction, 
temperature and relative humidity of the atmosphere. 
Three sulfur dioxide monitors (Chapter III) were used to 
measure the sulfur dioxide levels in the ambient air 
surrounding the MOLOC smelter. 
The major purpose of the research was to analyze the 
data recorded at each meteorological and sulfur dioxide 
monitoring station and to evaluate the relationships 
between the weather elements and sulfur dioxide levels in 
the air. 
A brief description of the equipment and procedures 
are presented in this chapter. 
A. Equipment 
1. Meteorological Equipment. 
a. MOLOC station 
(i) Wind speed and direction: An aerovane 
type wind transmitter* and recorder** were used at this 
station to measure wind speed and direction. Wind speed was 
calibrated in miles per hour while wind direction was 
*Model 5-120, Type L, a product of Belfort Instrument Co., 
Baltimore, Md. 
**Model 1360B, a product of Belfort Instrument Co., 
Baltimore, Md. 
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measured in degrees and by the cardinal points of the 
compass. The accuracy of wind speed and direction was 
within + 1 percent. 
(ii) Temperature and relative humidity: These 
two meteorological elements were measured by a hygrothermo-
graph*. The temperature and relative humidity were read 
directly from the recorder charts. 
b. Buick Tower station 
(i) Wind speed and direction: This station 
employed a 3-cup vane anemometer with a 2-channel recorder** 
to measure wind speed and direction. Wind direction was 
recorded as bearing in degrees, and average wind speed was 
read by means of a plastic overlay guide furnished with the 
equipment. The overall accuracy of this equipment was + 1 
percent for full scale. 
(ii) Temperature and relative humidity: The 
temperature and relative humidity were recorded simultaneous-
ly with wind measurement in the same instrument at this 
station. 
2. Sulfur Dioxide Monitoring Equipment. 
a. MACC and MACC-1 station 
A portable sulfur dioxide acralyzer*** and a 
*Model 22-7008, a product of Bacharach Instrument Co., 
Pittsburgh, Pa. 
**Model 1074, a product of Meteorology Research Inc., 
Altadena, Calif. 
***Model K-1006, a product of Beckman Instruments Inc., 
Fullerton, Calif. 
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recorder* was used at the MACC station, and later was 
relocated at the MACC-1 station to monitor sulfur dioxide 
levels in the air. This instrument was a conductrimetric 
model consisting of a reference cell and a measuring cell in 
a conductivity detector module, an absorber, a flow-meter, 
a solution metering pump, an air pump, and a reagent 
reservoir. The system utilized a background reagent of 
hydrogen peroxide in water, which formed sulfuric acid upon 
reaction with sulfur dioxide as indicated: 
(1) 
( 2) 
The electrical conductivity of sulfuric acid formed was a 
measure of the sulfur dioxide present. The potentiometer 
recorded the amount of sulfur dioxide in the air (28). 
b. Bixby and Buick Tower stations 
These two stations employed the same type of 
equipment system consisting of a sulfur dioxide analyzer** 
and a recorder,'¢. The analyzer was a coulometric type that 
utilized a detector containing a platinum anode and cathode 
electrodes, and an activated carbon-paste reference 
electrode. These three electrodes were immersed in a 
buffered halide electrolyte that was circulated continuously 
*Speedomax H Model S, a product of Leeds & Northrup Co., 
North Wales, Pa. 
•~Model 906A, a product of Beckman Instruments Inc., 
Fullerton, Calif. 
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within the detector cell. When sulfur dioxide in the air 
entered the sampling tube it reacted chemically with the 
steady-state concentration of iodine present in the electro-
lyte and the iodine concentration of the cell would be 
decreased. The reaction equation is: 
(3) 
The reduction of iodine by the above reaction caused a 
current difference between anodic input and cathodic output 
which resulted in an uni-directional current flowing through 
the reference electrode. The differential current was 
directly proportional to the concentration of sulfur dioxide 
in the air (29). 
B. Procedures 
1. Meteorological Data. 
Hourly values of weather data were read by taking 
averages from the continuous meteorological recorder strip 
charts. All data were reduced directly from the charts 
except for the wind-speed data of Buick Tower station which 
were read by means of a plastic overlay guide. These hourly 
data obtained were then tabulated on daily, monthly, and 
seasonal basis for calculating wind roses. The information 
from meteorological data combined with the sulfur dioxide 
levels in the air were used for further analysis. 
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2. Sulfur Dioxide Data. 
The 5-minute average values of sulfur dioxide were 
recorded directly from the recorder strip charts. These 
5-minute averages were used to calculate the hourly 
averages of sulfur dioxide levels, which were then punched 
onto computer cards along with time of occurrence. 
Several computer programs were written to collect and 
analyze the data for daily, monthly and seasonal mean 
levels of sulfur dioxide as well as seasonal frequency 
of occurrence of specified sulfur dioxide concentrations. 
25 
V. RESULTS AND DISCUSSION 
A. Evaluation of Meteorological Parameters 
l. Wind Elements. 
In air pollution studies, two of the most important 
meteorological parameters are wind speed and direction. The 
dilution rate for pollutants emitted from a source varies in 
proportion to the wind speed (30). Wind direction indicates 
the path that pollutants take from their source. 
A most common method used to represent wind information 
is by the use of wind roses. There were two weather 
stations as mentioned earlier, the MOLOC station and Buick 
Tower station. The MOLOC station was nearer to the stack, 
and the data obtained from it were complete for the period 
September 1970 to November 1971. Hence, in this study, the 
information from this station was largely utilized, while 
those from the Buick Tower station were used for reference 
and comparison. 
The predominant wind speed and direction is evaluated 
in this section. The results obtained were used as the 
basic information for determining the role of wind elements 
on the ambient pollutant levels surrounding the smelting 
industry. 
a. Variation of predominant wind direction 
(i) MOLOC station: The distribution of 
monthly and seasonal wind directions at the MOLOC station 
are presented as wind roses in Appendix A and Tables III and 
Table III. Monthly Frequency of Wind Distribution at MOLOC Station (percent) 
Wind Sept. Oct. iJov. Dec. 
Direction 70 70 70 70 
N 4.6 8.7 5. 6 3.4 
NNE 2.6 3. 5 8. 7 2. 5 
NE 4.0 2.2 1.1 1._9 
ENE 3. 2 2. 7 0.7 1.2 
E 3.7 5.4 5. 2 4. 3 
ESE 3. 2 8.2 5.2 5.1 
SE 5. 5 12.3* 8. 7 14.3# 
SSE 9.0 11.3 8.0 5.9 
s 12.1* 11. 6# 9. 7 11.0 
ssw 8.9 7.0 6.2 4.0 
sw 10.1 2. 8 3.0 4.3 
WSW 4.0 3. 5 4.9 . 5. 4 
w 3.7 4.3 9.5 5.4 
WNW 11. 8# 3. 2 12.4* 6.4 
NW 11.5 8.9 9.8# 21. 6* 
NNW 1.2 3.8 1.0 3. 3 
CALM 0.9 0.6 0. 3 0 
*Most frequent wind direction. 
#Second predominant wind direction. 
Jan. Feb. Mar. 
71 71 71 
6.7 8.9 11.1 
2.9 1.7 3.6 
2.0 0.7 2.7 
1.4 0.8 1.2 
5.4 4.0 2.3 
8. 2 7.5 4.2 
10.6 7.3 12.9# 
7. 7 7.9 6.7 
11.1 10.3# 9.4 
3. 3 4.8 2. 2 
3. 2 11.3* 4.1 
4.4 7.9 4.5 
6.1 7.9 6.1 
12.21 7.9 20.7* 
13.0* 8. 8 6.1 
1.8 2. 3 2.2 
0 0 0 
Apr. May June July Aug. Sept. Oct. Nov. 
71 71 71 71 71 71 71 71 
6.0 8. 3 10.0# 15.6* 15.7* 13.2 10.3# 18.2* 
6.9 8.1 6.8 6. 2 9.1 3.8 2.4 5. 3 
6.0 2.9 2.8 4.5 5. 3 3.8 1.2 6.0 
2.9 0. 8 1.7 4.3 4.9 2.8 1.9 14.51 
10.2* 3. 5 2.9 7. 5 8.1 4.5 6.7 4.4 
5.5 7.8 4.5 5.3 6.0 8.6 10.7* 2.4 
5. 8 18.3* 7.4 4.6 9.9# 13.811 9.7 3.3 
5. 5 7. 5 8.0 4.0 8.1 13.8H 7.6 3.1 
9.6 5.3 12.7* 7. 5 9.2 14.4* 7.8 3.8 
6.1 6.8 6. 3 3.6 5.7 3.8 2. 7 1.5 
3.1 6.1 6.4 5.6 7.2 3.5 4.3 2.1 
4.5 7.0 6.7 3.6 6.5 4.0 8.9 2.9 
9.91 9.61 6.4 7.2 2.0 2.2 10.2 4.3 
9. 0 4.8 5.9 4.5 1.4 4.2 6.7 7.0 
5. 3 1.9 6. 5 7.2 0.3 1.4 5.4 7.0 
3.7 1.3 5.0 8.81 0.6 2.2 3. 5 14.2 
0 0 0 0 0 0 0 0 
26 
27 
IV. The monthly predominant wind direction occurred from 
N, E, SE, S, SW, WNW, and NW varying from 10.2 to 21.6 
percent of the time during September 1970 to August 1971. 
Meanwhile, the seasonal prevailing wind was found to be from 
N, SE, Sand NW directions (Table IV). However, the wind 
frequency of 10.9 to 14.6 percent for the seasons was lower 
compared to the monthly percentage of occurrence. The 
predominant winds for the wh~le year were southerly and 
southeasterly each occurring for about 10 percent of the 
time; this annual percentage was lower compared to the sea~ 
sonal occurrence. The longer time intervals used for 
determining the predominant winds tend to decrease the 
percentage of occurrences. The major seasonal wind direc-
tions for spring and fall coincided with the two annual 
predominant directions, SE and S. While the most predominant 
winds for the winter and summer were NW and N, southeast and 
south winds were still important for the two seasons. 
Comparing the wind directions for the fall of 1970 and 1971, 
there was a 180-degree shift in the predominant wind, i.e., 
from S toN (Table IV). 
(ii) Buick Tower station: The distribution of 
monthly wind direction is presented as wind roses in 
Appendix B and Table V. The predominant winds occurred 
from SSE and NW for December. The three predominant wind 
directions of NNW, SSE, and S for the following January 
showed only a little change both in direction and frequency 
of occurrence. With respect to spring months (April and 
Table IV. Seasonal and Annual Frequency of Wind 
Distribution at MOLOC Station (percent) 
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Direction Fall Winter Spring Sununer One-Year 70 70 71 
N 6. 5 6. 3 8.5 
NNE 5.4 2.4 6.2 
NE 2. 2 1.5 3.8 
ENE 2.0 1.2 1.6 
E 5.0 4.6 5. 3 
ESE 6.0 6.9 5. 8 
SE 9. 6 10.8# 12.4* 
SSE 9. 6 7. 2 6.8 
s 10.9* 10.8# 8. 0 
ssw 7.0 4.0 5.0 
sw 4.3 6.0 4.4 
WSW 4.2 5.9 5.3 
w 6. 3 6.4 8.5 
WNW 8.5 8.9 11.6# 
NW 9.8# 14.6* 4.4 
NNW 2. 2 2. 5 2.4 
CALM 0. 5 0 0 
*Most frequent wind direction. 
#Second predominant wind direction. 
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Table V. Monthly Frequency of Wind Distribution 
at Buick Tower Station (percent) 
Winter Months Spring 
Direction 
Dec. 70 Jan. 71 Apr. 71 
N 2.7 8.3 5.9 
NNE 1.8 11.3 1.8 
NE 1.6 1.4 3.9 
ENE 2.0 0.8 8.6 
E 1.6 0.2 7. 5 
ESE 8. 0 0.6 3.2 
SE 8.4 2.8 8.0 
SSE 15.0* 13.3# 10.0# 
s 8. 8 13.3# 15.2* 
ssw 5. 7 5.6 6.4 
sw 3. 5 3.6 1.8 
WSW 6. 8 3.4 1.4 
w 6. 8 2. 2 2.5 
WNW 5. 6 5.6 8. 6 
NW 13.9# 12.3 8.6 
NNW 7. 8 15. 3,0c 6.6 
CALM 0 0 0 
*Most frequent wind direction. 





















May), the prevailing wind was found to be blowing from S. 
It is evident that there were two predominant wind direc-
tions roughly 180 degrees apart for each of the winter 
months. From the available data, the south wind could be 
taken as the most important wind for winter and spring 
seasons. 
(iii) Comparison of wind direction for MOLOC 
and Buick Tower stations: The two predominant winds in 
December came nearly from the same directions for both 
stations but the order of predominance was reversed 
(Table VI). The most predominant winds in January for both 
stations werealmost from the same directions, but the second 
predominant wind was different. The prevailing wind 
directions at both stations in spring months changed to a 
larger degree, about 45-90 degrees for the most predominant 
wind and about 20-110 degrees for the second predominant 
wind direction. 
b. Variation of average wind speed 
The variation of wind speed at the MOLOC and Buick 
Tower stations are presented in Table VII. The decreasing 
order of seasonal average wind speed at the MOLOC station 
was Spring > Winter > Summer > Fall. The wind speed in fall 
1970 and 1971 was almost the same; however the predominant 
wind direction changed 180 degrees as mentioned earlier. 
The wind speed was lowest for August 1971 and 
highest for May 1971 at the MOLOC station during the study 
period. The monthly wind speed at this station increased 
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Table VI. Frequency of Predominant Wind Directions (percent) 
Winter Months Spring Months 
Station Order 
Dec. 70 Jan. 71 Apr. 71 May 71 
1 NW 21.6 NW 13.0 E 10.2 SE 18.3 
MOLOC 
2 SE 14.3 WNW 12.2 w 9.9 w 9.6 
Buick 1 
SSE 15.0 NNW 15.3 s 15.2 s 17.5 





Table VII. Monthly and Seasonal Average Wind Speed 
at MOLOC and Buick Tower Stations (mph) 
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 
70 70 70 71 71 71 71 71 71 
7 0 7 8.6 10.7 10.7 13.8 13.7 11.8 22.1 16.6 
-- -- 8.1 7.3 -- -- 7.4 7.8 --
MOLOC Station 
Fall Winter Spring Summer One-Year 
70 70-71 71 71 Period 
7. 6 11.7 15.9 9. 5 11.2 
MOLOC Station 
Sept. Oct. Nov. Fall 
71 71 71 71 







gradually from 6.6 mph during September 1970 to about 13.7 
mph for February and March 1971. Then the wind speed 
changed suddenly from ll.8 mph during April to 22.1 mph 
during May. However, the wind speed for these two months at 
the Buick Tower station was found to be only from 7.4 to 
7.8 mph (Table VII) and predominant wind directions were S 
(Table VI). Following the high wind period (May and June), 
the average wind speed decreased to a value of 5.6 mph in 
August, and remained around 7-9 mph during the fall months 
of 1971, which was in the same range as that for fall 1970. 
The annual average wind speed was found to be 11.2 mph. 
The monthly average wind speeds at the Buick Tower 
station were found to be less compared to those at the 
MOLOC station during the four month period (Table VII). 
This might be due to the fact that the wind instruments at 
the Buick Tower station were located on the fire tower in an 
open area; whereas the MOLOC station was adjacent to sinter 
plant buildings and hence probably be subject to mechanical 
turbulence (31). 
2. Temperature and Relative Humidity. 
The temperature and relative humidity data was only 
available for a nine-month period (March to November 1971) 
as presented in Table VIII, as the earlier information was 
lost due to the malfunctioning of the instruments. The 
monthly average lowest temperature of 4l~F occurred in March 
while the highest was 73°F in June. The monthly average 
relative humidity was low in April and reached a high of 
Table VIII. Monthly and Seasonal Average Temperature and Relative 
Humidity at MOLOC Station in 1971 
Atmospheric Spring Summer Fall 
Elements Mar. Apr. May June July Aug. Sept. Oct. Nov. 
Temperature, 41 55 60 73 71 71 69 62 44 or 
Relative 71 60 75 86 84 86 87 81 78 Humidity,% 
Temperature, 52 71 58 or 
Relative 69 85 82 Humidity,% 
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about 87 percent in June, August and September. It was 
observed from the available data that the hottest summer was 
the most humid season. Such high humidities are reported to 
have considerable influence on the ambient sulfur dioxide 
levels and the extent of vegetation damage (23, 32). 
B. Sulfur Dioxide Distribution Surrounding the Smelter Area 
The distribution of any atmospheric pollutant present 
in an area tells how frequently the pollutant levels will be 
greater or less than the ambient air quality standard, or a 
given concentration at which damage or injury to vegetation 
would occur. Studies have been carried out in Sudbury, 
Ontario (33), Helena, Montana (5), and at CAMP and NASN 
stations throughout the contiguous United States (34, 35) to 
determine the extent and distribution of sulfur dioxide 
discharged from various sources. 
The percent of time for which the sulfur dioxide 
monitors recorded the incidents is presented in terms of 
percent of available data in Tables IX and X for the MACC, 
MACC-1, Bixby and Buick Tower stations during the study 
period. More than 64 percent of the time sulfur dioxide 
data were recorded at all stations from March to November 
1971; but instrumental problems resulted in 61 percent 
downtime at the Bixby station during November. During each 
season, the data available was found to be better than 80 
percent at the four locations except that the Bixby station 
recorded only 65 percent of the time in the fall. This 
Table IX. Percent of Available Data of Sulfur Dioxide for the 







Mar. Apr. May June July Aug. Sept. Oct. 
100 87 97 98 -- -- --
-- -- -- -- 100 100 100 
95 92 87 93 82 100 90 
97 98 85 98 64 79 86 
Table X. Percent of Available Data of 
Sulfur Dioxide for Every Season 
Season MACC MACC-1 Bixby 
Buick 
Tower 
Spring 95 -- 91 93 
Summer -- 100* 92 80 
Fall -- 88 65 81 












reduction, as indicated above, was the result of the lower 
percentage of the data in the month of November. 
The sulfur dioxide distribution of one-hour average 
values during the study period showed that about 56 to 93 
percent of the time the concentration at all stations was 
less than 0.3 pphm as seen from Table XI to XIV. This 
represents that most of the time, the sulfur dioxide concen-
trations were below the detectable limit due to the short 
and infrequent nature of episodes. Such type of discontin-
uous episodes have been reported by EPA in the study of 
Helena smelter (5). The only difference between the Helena 
study and this investigation is that the one-hour average 
sulfur dioxide concentrations surrounding the Helena smelter 
were high as compared to the low levels in the MOLOC smelter 
area. This is due to the fact that the MOLOC smelter recov-
ered sulfuric acid from strong sinter gases while the Helena 
smelter did not have any sulfur dioxide recovery plant. 
C. Monthly and Seasonal Sulfur Dioxide Concentration 
The variation of monthly and seasonal sulfur dioxide 
concentrations at the monitoring stations are presented in 
Tables XV and XVI. The seasonal sulfur dioxide concentra-
tion was found to be higher in the summer than the other 
seasons at the Bixby and MACC-1 stations (Table XVI). 
However, the average concentration at the Buick Tower 
station was lower compared to other stations. Such a lower 
value is logical because Buick Tower was the farthest 
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Table XI. Monthly Frequency of Occurrence of One-
hour Average S02 Concentration at MACC 
and MACC-l Stations (March-November l97l) 
Cone. MACC MACC-l 
(pphm) Mar. Apr. May June July Aug. SeptJoct. Nov. 
> 0. 3 25.7 7.3 29.1 35.4 36.6 30.5 43.8 35.5 12.6 
> 0. 5 22.6 6.3 27.1 32.4 34.9 27.6 4l.l 35.4 8.4 
> l.O l8.l 4.2 23.3 27.7 33.2 26.1 39.3 33.4 8.4 
> 5.0 6.6 0 13.0 13.8 21.6 14.0 25.9 31.3 2.1 
>10.0 3. 8 0 8.2 9. 6 17.3 7.2 17.8 18.8 2.1 
Table XII. Monthly Frequency of Occurrence of One-
hour Average S02 Concentration at Bixby 
Station (March-November 1971) 
Cone. Mar. Apr. May June July Aug. I Nov. 
(pphm) 
Sept.Oct. 
> 0. 3 ll.2 20.7 19.1 23.3 23.0 21.7 22.9 20.8 12.0 
> 0.5 8.4 18.7 18.5 21.8 22.1 20.2 21.5 l9.l 11.3 
> l.O 6.3 17.0 15.5 18.6 20.0 17.7 21.5 15.8 9.1 
> 5.0 2. 8 8. 7 7.8 11.8 9. 3 8. 6 12.5 10.8 4.9 
>10.0 0.7 4.5 3.6 10.3 5. 7 5.9 7. 6 5.8 3. 5 
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Table XIII. Monthly Frequency of Occurrence of One-
hour Average S02 Concentration at Buick 
Tower Station* (March-May 1971) 
Cone. Mar. Apr. May (pphm) 
> 0.3 15.7 12.1 16.1 
> 0.5 14.7 11.3 14. 3, 
> 1.0 13.1 9. 2 10.7 
> 5. 0 4.2 2.1 3.0 
>10.0 2.1 0 1.8 
*S02 Incidence was low for June-November 
1971. 
Table XIV. Seasonal Frequency of Occurrence of 
One-hour Average S02 Concentration 
Cone. Spring 71 
Summer 71 Fall 71 
(pphm) MACC Bixby Buick MACC-l~'c Bixby MACC-1 Bixby Tower 
> 0. 3 20.7 17.0 14.6 33.6 22.7 30.6 18.6 
> 0. 5 18.7 15.2 13.4 31.3 21.4 28.3 17.3 
> 1.0 15.2 12.9 11.0 29.7 18.8 27.0 15.5 
> 5. 0 6. 5 6.4 3.1 17.8 9. 9 19.8 9.4 
>10.0 4.0 2. 9 1.3 12.3 7 . 3 12.9 5. 6 
*Only two months of data. 
Table XV. Variation of Monthly Average S02 
Concentration (pphm) 
1971 MACC MACC-1 Bixby 
March 0.5 i~ 0.1 
April 0 ~·~ 0. 5 
May 2.2 ~·¢ 0. 5 
June 3. 8 ~~ 3. 3 
July 1o'c 4.0 0.9 
August ~'c i~ 1.7 1.4 
September •lc i~ 3.1 0.4 
October ,,, ~·; 0.6 0. 3 
November i:* 0.2 0.2 













**Moved to new location, MACC-1, on June 30, 1971. 
Table XVI. Variation of Seasonal Average S02 
Concentration (pphm) 
1971 MACC MACC-1 Bixby 
Spring 0. 9 r,': 0.4 
Summer *"~ 2.8# 1.9 
Fall -1: i~ 1.3 0. 3 






**Moved to new location, MACC-1, on June 30, 1971. 
JAccounts only for two months of data. 
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station (about two miles from the main stack) included 1n 
the study. 
The maximum monthly average concentrations of 3.8, 4.0, 
and 3.3 pphm occurred in June and July at the MACC, MACC-1, 
and Bixby stations, respectively. As normally expected, 
the distant station (Bixby) showed lower average values 
compared to the nearer stations (MACC and MACC-1). The 
Buick Tower station had the maximum average value of 0.2 
pphm in March, and recorded very few sulfur dioxide inci-
dents during June to November giving negligible average 
levels. However, the Bixby station indicated a lower monthly 
average value in March. This shows that distance is not the 
only factor influencing the pollutant levels. 
D. Diurnal Variation of Sulfur Dioxide Concentration 
l. Monthly Diurnal Variation. 
The monthly diurnal variation of sulfur dioxide concen-
tration at the MACC, MACC-1, Bixby and Buick Tower stations 
from March to November 1971 are presented in Figures 5 to 8. 
The diurnal peak concentrations were found to occur between 
8 p.m. and 10 a.m. at all stations as indicated in Figure 9. 
However, approximately 75 percent of the peak values were 
observed between midnight and early mornings. The onset of 
ground-based inversions might have caused these incidents 
during nights. Moreover, the persistance of fumigating 
type of plumes in the wooded area might have been a major 
factor to produce frequent episodes in the mornings (12, 36). 
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Figure 5. Monthly Diurnal Variation of S0 2 Concentration at MACC Station 
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Fi&ure 6. Monthly Diurnal Variation of so 2 Concentration at MACC-1 Station 
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were negligible. 
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Figure 8. Monthly Diurnal Variation of S02 Concentration 
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Figure 9. Time of Occurrence for Diurnal Peak S0 2 Levels 
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The highest diurnal peak concentration was 8.5 pphm 
observed in June at the MACC station compared to a peak 
value of only 0.2 pphm in April (Figure 5). When the MACC 
station was relocated at MACC-1 for the reasons indicated 
in the earlier chapter, the highest peak values found were 
8.6 pphm in July and September, and 7.7 pphm in August 
(Figure 6). The problems encountered in the operation of 
the smelting plant resulting in larger sulfur dioxide 
emissions were responsible for the above reported peak 
levels from June to September at the MACC and MACC-1 
stations. 
The Bixby station showed a different trend in the 
diurnal sulfur dioxide levels as indicated in Figure 7. It 
is interesting to note that the highest diurnal peak level 
was 11.2 pphm occurred in June, and all other months had 
peak values lower than 3.9 pphm. This large difference in 
the peak values could be mainly attributed to the prevailing 
winds toward the station and large stack emissions during 
the month of June. 
The highest diurnal peak sulfur dioxide concentration 
at the Buick Tower station was only l pphm (Figure 8). 
This level is much lower than that occurred in other 
stations. The distance of Buick Tower station from the 
main stack was a major factor for such a low peak value. 
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2. Seasonal Diurnal Variation. 
The seasonal diurnal sulfur dioxide levels varied from 
0.2 pphm to 1.6 pphm for spring at the MACC station 
(Figure 10). The seasonal variation followed approximately 
the same trend as the variation for the month of May 
(Figure 5). The occurrence of high winds during May 
(Table VII) causing downwash of the stack emissions was 
responsible for the higher sulfur dioxide levels; these 
higher values influenced the seasonal variation for spring. 
The MACC-1 station showed a large variation of seasonal 
diurnal sulfur dioxide levels for summer (Figure 10). The 
sulfur dioxide concentration decreased from a value of 4.2 
pphm around midnight to a lower level of 0.5 pphm between 
9 and 10 a.m.; then gradually reached a peak level of 5.6 
pphm between 8 and 9 p.m. and decreased to 4.2 pphm. A 
combination of high levels of stack emissions and the 
diurnal weather conditions produced such large seasonal 
variations for summer at the MACC-1 station. During the 
fall season, the mean sulfur dioxide level found between 
7 p.m. and 1 a.m. was 2.9 pphm, and 0.6 pphm between l a.m. 
and 7 p.m. (Figure 10). The higher mean was due to the 
combined effects of the stable atmospheric conditions and 
the increased frequency of sulfur dioxide incidents. 
The diurnal variations of sulfur dioxide for spring and 
fall were not as large as compared to those for summer at 
the Bixby station (Figure 10) because the summer sulfur 
dioxide levels were affected by the large emissions from 
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Figure 10. Seasonal Diurnal Variation of S0 2 Concentration 
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June to August. 
The seasonal diurnal sulfur dioxide levels for spring 
were very low at the Buick Tower compared to other stations 
(Figure 11). This was due to the long distance between the 
stack and the station. 
E. Relationship Between Sulfur Dioxide Concentrations and 
Meteorological Conditions 
1. Wind Direction. 
The relationship between monthly average sulfur dioxide 
concentration and wind direction is indicated 1n Figuresl2 
to 17. Wind direction is represented as percent frequency 
occurring within the 45-degree angular sector from the main 
stack to the sampling station. The values of the frequen-
cles for the study period are given in Table XVII. It is 
seen from Figures 14 and 15 that the average sulfur dioxide 
concentrations varied directly as the wind frequency at the 
Bixby station (located 7200 ft. from the stack) during the 
spring, summer and fall seasons, and at MACC-1 station 
during the fall season (Figures 12 and 13). However, in the 
summer season, the relationship between the sulfur dioxide 
concentration and wind frequency was reversed at the MACC-1 
station, because of the acid plant problem resulting 1n 
larger emissions of sulfur dioxide. The variation of 
average sulfur dioxide concentrations with wind frequency at 
the MACC and Bixby stations was linear during the spring 
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Figure 11. Seasonal Diurnal Variation of S0 2 Concentration at Buick Tower Station 
51 
52 
.. 30 l&J 














::) 5 a 
l&J 
0: 0 lL 
Mar. Apr. May June July Aug. Sept. Oct. Nov. 
r--- SPRING I I· SUMMER ·I· FALL -----1 






















Mar. Apr. May June July Aug. Sept. Oct. Nov. 
~ SPRING ---~· .... ~- SUMMER ·I· FALL ---+•1 


















Mar. Apr. May June July Aug. Sept. Oct. Nov. 
~ SPRING ---.••1-- SUMMER ·I· FALL ---1 

















L:::r--D. WIND SPEED 
Mar. Apr. May June July Aug. Sept. Oct. Nov. 
f-- SPRING ·I· SUMMER ·I· FALL-----\ 








































Mar. Apr. May June July Aug. Sept. Oct. Nov. 
1--- SPRING --·I.,._,-- SUMMER --·..,.r-- FALL ---J 























Mar. Apr. May June July Aug. Sept. Oct. Nov. 
f-- SPRING ·I SUMMER I· FALL ---1 
















Table XVII. *Frequency of Wind Occurrence from Main Stack to 
Station, 1971 (percent) 
Station Mar. Apr. May June July Aug. Sept. Oct. Nov. 
MACC 7. 0 8. 7 13.0 12.9 --· -- -- "!'""- --
MACC-1 -- -- -- -- 8. 6 18.0 27.6 17.3 6.4 
Bixby 6. 6 9. 0 12.9 12.8 9.2 13.0 7. 3 7.9 3.8 
Buick 13.6 10.3 10.9 15.3 23.9 17.9 15.7 13.6 30.7 Tower 
*Frequency represents wind occurred in 45-degree angular sector 
from main stack to the specified station. 
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at the Buick Tower station because the average concentra-
tions were very low. 
2. W~nd Speed. 
The relationship between monthly average sulfur dioxide 
concentration and average wind speed indicated that the 
sulfur dioxide levels varied as the wind speed for the 
nearer MACC station in the spring months as shown in Figure 
13. This might be due to the lower ambient temperatures in 
the spring season which could have resulted in highly stable 
conditions during nights and fumigations in the mornings. 
Also, there is a possibility of aerodynamic downwash pro-
ducing higher pollutant concentrations on the ground because 
of the higher wind speeds in the spring. At the distant 
Bixby station, the sulfur dioxide concentrations increased 
as the wind speed decreased in spring, especially in March 
and April, (Figure 15) in contrast to the MACC station. 
The reasons for such a reverse trend at the Bixby station 
might be due to the distance of the station from the source, 
influence of the wooded area on the plume, and absorption of 
sulfur dioxide by vegetation (36). 
During the fall with wind speeds lower than those in 
the spring, the sulfur dioxide concentrations at the MACC-1 
and Bixby stations decreased as the wind speed increased 
(Figures 13 and 15). In summer months, no correlation was 
observed between the average sulfur dioxide levels and wind 
speeds for the MACC-1 and Bixby stations. Several factors 
such as . high temperatures, high humidity and plant operating 
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conditions were responsible for causing fluctuations in 
sulfur dioxide concentrations at the above stations. It is 
reported that summer conditions are conducive for the 
formation of sulfuric acid aerosols which might influence 
the atmospheric sulfur dioxide level (23). 
The sulfur dioxide incidents which occurred at the 
Buick Tower station during the spring season were possibly 
due to the high winds that transported the pollutants to the 
most distant station. 
F. Distribution of Sulfur Dioxide Levels in Excess of 
Missouri Air Quality Standards 
As presented in Table II, the Missouri ambient air 
quality standards for sulfur dioxide stipulates a daily mean 
value of 7 pphm and an hourly mean value of 25 pphm. The 
daily and hourly sulfur dioxide concentrations violating 
the above standards at the monitoring stations are 
presented. 
Table XVIII gives the distribution of daily concentra-
tion equal to or exceeding 7 pphm. It is evident that there 
were 7, 16 and 12 days violating the standards at MACC, 
MACC-1 and Bixby stations, respectively. The highest daily 
mean concentration observed at the MACC station was 23.6 
pphm on June 2 and this value was more than three times the 
24-hour standard. The maximum daily mean of 17.3 pphm 
occurred on July 22 at MACC while at the Bixby station, it 
was 22.2 pphm observed on June 27. Even though the monthly 
Table XVIII. Distribution of Daily Sulfur Dioxide Concentration > 7 pphm 
at Various Stations 
Station so 2 Concentration (pphm) 
3/12/71 5/09/71 5/15/71 6/02/71 6/07/71 6/12/71 6/25/71 
MACC 
7. 5 7. 9 12.4 23.6 18.0 7. 0 15.6 
so 2 Concentration (pphm) 
7/04/71 7/07/71 7/12/71 7/21/71 7/22/71 7 I 23/71 8/18/71 
MACC-1 13.6 9. 7 9. 5 13.5 17.3 12.4 8.9 
9/01/71 9/03/71 9/04/71 9/05/71 9/08/71 9/09/71 9/27/71 
8. 5 8. 8 11.6 8.4 8.9 10.8 8.1 
so 2 Concentration (pphm) 
5/08/71 6/02/71 6/05/71 6/07/71 6/19/71 6/20/71 
Bixby 7. 6 9. 8 10.7 7.0 8. 5 9. 2 
6/26/71 6/27/71 7/17/71 8/09/71 8/19/71 8/21/71 







and seasonal sulfur dioxide levels were very low, the mean 
value based on 24-hour averaging time exceeding the stan-
dards could cause the vegetation damage. 
The number of hours of occurrence violating the 
Missouri standard of 25 pphm based on one-hour averaging 
time are given in Table XIX. The MACC and MACC-1 stations 
were found to exceed the standards 50 and 84 times, 
respectively, between March and November, while the Bixby 
station had 68 hourly concentrations higher than the 
standard. 
At the MACC station, May and June were found to be the 
months with most frequent occurrence of hourly concentration 
violating the one-hour standard of 25 pphm (Table XIX). 
Such occurrences were distributed over two periods, May 5 to 
9 and 15 to 24, as shown in Table XX. The frequency in 
June was greater than in May, and the average frequency was 
more than one per day (Table XX). June 2 and June 7 were 
the most noticeable days on which the hourly concentrations 
exceeded the standard continuously for 7 and 8 hours, 
respectively, and on which the daily concentrations were 
also the highest (Table XVIII). The sulfur dioxide 
concentration of 108 pphm observed on June 2 was the peak 
hourly concentration at the MACC station. 
The critical period exceeding the hourly standard for 
sulfur dioxide was found to be in July through September at 
the MACC-1 station (Table XXI). These violations occurred 
over three periods in August and September~ namely August 9 
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Table XIX. Number of Occurrence of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
Month Total Number 
of Occurrences (hours) 
1971 MACC MACC-1 Bixby 
March 4 -- 0 
April 0 -- l 
May 12 -- 6 
June 34 -- 31 
July -- 42 9 
August -- 10 14 
September -- 26 2 
October -- 6 4 
November -- 0 l 
Total 50 84 68 
Table XX. Distribution of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
at MACC Station 
Date Time Cone. Date Time Cone. 
1971 (hr) (pphm) 1971 (hr) (pphm) 
3/12 1-2 25 6/2 7-8 81 
2-3 48 8-9 29 
3-4 26 6/4 4-5 36 
5-6 26 6/6 8-9 33 
5/5 9-10 38 6/7 3-4 32 
5/6 10-11 27 5-6 30 
5/8 23-24 34 8-9 36 
5/9 0-1 52 9-10 73 
1-2 42 10-11 58 
5-6 26 11-12 43 
5/15 8-9 80 12-13 38 
9-10 27 14-15 29 
10-11 25 6/12 1-2 35 
23-24 86 2-3 62 
5/19 4-5 81 3-4 48 
5/24 14-15 25 6/14 16-17 31 
6/2 2-3 49 6/18 14-15 31 
3-4 108)'( 6/20 14-15 32 
4-5 99 15-16 40 
5-6 81 16-17 32 
6-7 80 6./25 3-4 32 
,•(;peak hourly concentration observed at the 
station. 
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Table XX. Distribution of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
at MACC Station (continued) · 
Date Time Cone. Date Time Cone. 
1971 (hr) (pphm) 1971 (hr) (pphm) 
6/25 4-5 54 6/25 23-24 42 
5-6 71 6/26 0-1 38 
6-7 65 13-14 38 
7-8 65 6/27 11-12 44 
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Table XXI. Distribution of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
at MACC-1 Station 
Date Time Cone. Date Time Cone. 
1971 (hr) (pphm) 1971 (hr) (pphm) 
7/4 1-2 30 7/21 6-7 27 
2-3 64 14-15 28 
3-4 28 22-23 27 
4-5 35 23-24 40 
12-13 29 7/22 0-1 27 
13-14 39 l-2 45 
7/7 11-12 27 2-3 51 
13-14 26 16-17 25 
22-23 29 18-19 29 
7/10 1-2 32 22-23 28 
2-3 25 23-24 34 
7/12 18-19 25 7/23 0-1 26 
23-24 47 l-2 42 
7/13 0-1 26 2-3 41 
7/15 0-l 35 3-4 36 
7/16 23-24 26 4-5 43 
7/17 23-24 25 5-6 32 
7/18 0-1 43 6-7 32 
7/21 2-3 40 7/28 1-2 26 
3-4 30 7/31 23-24 25 
4-5 29 8/9 19-20 30 
5-6 42 20-21 37 
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Table XXI. Distribution of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
at MACC-1 Station (continued) 
Date Time Cone. Date Time Cone. 
1971 (hr) (pphm) 1971 (hr) (pphm) 
8/13 17-18 45 9/4 20-21 41 
18-19 32 9/5 10-11 29 
"' 
8/18 19-20 27 20-21 27 
20-21 37 9/8 20-21 49 
21-22 32 21-22 36 
22-23 29 22-23 30 
8/20 20-21 105 23-24 37 
21-22 121* 9/9 0-1 26 
9/1 17-18 25 9/27 5-6 30 
23-24 28 19-20 59 
9/2 23-24 25 20-21 43 
9/3 19-20 30 21-22 35 
20-21 25 9/29 18-19 43 
21-22 28 19-20 58 
22-23 39 10-29 18-19 35 
23-24 37 19-20 67 
9/4 0-1 32 20-21 58 
16-17 28 22-23 52 
17-18 27 23-24 84 
19-20 31 10/30 0-1 53 
*Peak hourly concentration observed at the 
station. 
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to 20, September l to 9 and 27 to 29. The maximum hourly 
concentration was 121 pphm observed on August 20, and this 
was about f~ve times more than the standard. July was the 
month with 42 violations which were the highest number of 
occurrences ever found during the study period among all 
stations (Table XIX). Specifically, July 4 and 21 to 23, 
each had more than six violations that resulted in sulfur 
dioxide levels exceeding the 24-hour standard at the MACC-1 
station. 
The largest frequency of one-hour violations was found 
in June at the Bixby station (Table XXII). The maximum 
hourly concentration was 135 pphm occurred on June 20 at the 
Bixby station. This maximum level was higher than those 
observed at the nearer MACC and MACC-1 stations. However, 
from the viewpoint of highest daily concentration and 
frequency of one-hour violations, June 27 was significant 
so far as the Bixby station was concerned. 
Sulfur dioxide episodes resulting in hourly concentra-
tion of 25 pphm or more have occurred between midnight and 
8 a.m. at the distant Bixby station for about 10 to 19 
percent of the time and between 6 p.m. and 4 a.m. for 10 to 
22 percent of the time at the nearer MACC-1 station as 
indicated in Table XXIII. At the MACC station, the 
episodes occurred at different intervals of time, midnight 
to 6 a.m., 8 a.m. to noon, and 2 to 4 p.m.; however, 
between 2 and 6 a.m., the frequency was largest varying 
from 16 to 18 percent. These results strongly suggest the 
Table XXII. Distribution of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
at Bixby Station -
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Date Time Cone. Date Time Cone. 
1971 (hr) (pphm) 1971 (hr) (pphm) 
4/13 2-3 38 6/18 23-24 37 
5/1 4-5 33 6/19 0-1 50 
5-6 29 1-2 32 
5/8 11-12 32 2-3 69 
12-13 91 16-17 35 
13-14 50 6/20 6-7 135* 
5/9 8-9 25 15-16 37 
6/2 0-1 43 6/25 4-5 42 
1-2 57 6/26 0-1 52 
2-3 35 15-16 25 
3-4 27 16-17 41 
8-9 50 6/27 2-3 90 
6/5 4-5 49 3-4 128 
5-6 75 4-5 110 
12-13 66 5-6 34 
6/7 4-5 31 19-20 75 
5-6 31 23-24 31 
6/11 15-16 29 6/30 0-1 30 
6/12 1-2 38 7/8 6-7 32 
6/13 4-5 80 7/9 2-3 31 
*Peak hourly concentration observed at the 
station. 
67 
Table XXII. Distribution of Hourly Sulfur 
Dioxide Concentration > 25 pphm 
at Bixby Station (contTnued) 
Date Time Cone. Date Time Cone. 
1971 (hr) (pphm) 1971 (hr) (pphm) 
7/9 20-21 35 8/20 1-2 34 
21-22 27 8/21 1-2 34 
7/13 21-22 31 2-3 25 
7/17 5-6 42 3-4 27 
6-7 52 6-7 44 
7-8 65 7-8 62 
8-9 34 8/23 1-2 32 
8/9 4-5 57 9/25 15-16 26 
5-6 47 9/29 3-4 32 
14-15 28 10/13 0-1 40 
15-16 79 1-2 47 
8/14 9-10 26 2-3 29 
8/19 2-3 54 3-4 27 
6-7 61 11/26 17-18 84 
Table XXIII. Frequency of Occurrence of Hourly Sulfur Dioxide Concentration 
~ 25 pphm during the Study Period (percent) 
Time of the Day (hours) 
Station 
0-2 2-4 4-6 6-8 8•10 10-12 12-14 14-16 16-18 18-20 20-22 22-24 
MACC 10 16 18 8 14 10 4 10 4 0 0 6 
MACC-1 15.5 9 0 5 7 0 2 2 0 5 0 2.5 3.6 1.2 6 13.4 16.8 21.8 
Bixby 17.4 18.8 18.8 10.1 5.8 1.4 4.2 8 0 8 5.8 1.4 4.5 3 
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presence of stable atmospheric conditions involving ground-
based inversions at the nearer stations, and over-head 
inversions during night followed by fumigation in the 
early mornings at the distant station. 
G. Relationship Between Sulfur Dioxide Incidents, 
Meteorological Factors, and Plant Operating Conditions 
The influence of meteorological factors such as wind 
speed and direction, and the operating conditions of the 
sinter and acid plants on the occurrence of sulfur dioxide 
incidents which resulted in the violation of 24-hour 
standard are presented in Tables XXIV to XXVI. The blast 
furnace operation is not included in the Tables as it was 
running continuously during the incident periods (Table 
XXVII). 
The average wind speed during the incident periods 
varied from 5 to 24 mph, 3 to 9 mph, and 4 to 24 mph at the 
MACC, MACC-1, and Bixby stations, respectively. The most 
frequent wind speed classes were found to be 4-7 mph and 
19-24 mph for the MACC station, and 19-24 mph for the Bixby 
station while the predominant wind speed class for the 
MACC-1 station was 4-7 mph as shown in Table XXVIII. This 
indicates that both low and high wind speeds resulted 1n 
sulfur dioxide incidents at the MACC station. However, at 
the distant Bixby station high wind speeds were mostly 
responsible for the incidents. 
Table XXIV. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at MACC Station . 
Date Incident Duration Mean Peak Dosage ~vg.Wind Avg. Operation Schedule* 1971 Time (min) Cone. Cone. (pphm-min: Speed Wind Sinter Acid (hours) kpphm) (pphm) (mph) Direction Plant Plant 
3/12 0000-0600 360 18.7 7J+~. o 6730 8 sw Run Run 
0610-1715 665 5.5 8.0 3670 9 sw Down Down 
1925-2200 155 2.5 7.0 390 8 ESE 1930S 2000S 
2340-2400 20 1.4 3.0 28 7 SE Run Run 
5/9 0000-0820 500 21.7 63.0 10850 20 sw 0545D 0655D 0645S 0700S 
1235-1250 15 2. 0 6.0 30 20 ssw Run Run 
1355-1540 105 4.8 30.0 504 20 ssw 1440D 1450D 1450S 1530S 
5/15 0720-1405 405 29.0 118.0 11745 22 s Run Run 
1455-1550 55 11.7 36.0 640 21 w Run Run 
1900-2135 155 1.4 6.0 220 18 s Run Run 
2250-2400 70 73.4 152.0 5140 20 s Run Run 
6/2 0000-0925 565 58.4 125.0 33000 20 s Run Run 
0930-1210 160 1.9 12.0 300 23 s Down Down 
1720-1835 75 5.9 34.0 440 22 ssw 1700S 1735S 
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Table XXIV. Details of Sulfur Dioxide Incidents for Days ~xceeding the 24-hour 
Standard of 7 pphm at MACC Station (continued) 
Date Incident Duration Mean Peak Dosage Avg.Wind 
Avg. Operation Schedule* 
1971 Time (min) Cone. Cone. (pphm-min: Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
6/2 2005-2040 35 5. 3 17.0 185 19 ssw Run Run 
6/7 0310-0745 275 20.5 71.0 5640 21 s Run Run 
0815-1605 470 38.3 119.0 18000 24 NNE 
1305D 1310D 
1310S 1315S 
1915-2120 125 17.2 67.0 2150 19 N Run Run 
2205-2400 115 1.8 5.0 205 19 N Run Run 
6/12 0100-0545 285 33.8 70.0 9630 15 NNE 
0415D 0420D 
osoos 0515S 
1310-1400 50 5.4 22.0 270 20 WSW Run Down 
1520-1550 30 2.0 5.0 60 21 NNW Run Down 
1645-1745 60 0.5 2.0 30 20 NNW Run Down 
2210-2225 15 0. 6 2.0 9 19 N Run Down 
6/25 0230-0750 320 54.3 88.0 17370 6 sw 0745D Run 
0800-1005 125 8. 8 22.0 1100 11 WSW Down Down 
1130-1200 30 0.8 3.0 24 13 WSW Down Down 
1300-1710 250 4.2 18.0 1050 7 sw 1600S 1625S 
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Table XXIV. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at MACC Station (continued) 
Date Incident Duration Mean Peak Dosage Avg.Wind Avg. Operation Schedule,.~ 
1971 Time (min) Cone. Cone. (pphm-min~ Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
6/25 1835-1920 45 3. 7 12.0 165 5 ssw Run Run 
2300-2400 60 47.0 58.0 2820 6 WSW Run Run 
*D in this column means plant running before the indicated time and down thereafter; 
s means plant down before the indicated time and running thereafter. 
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Table XXV. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at MACC-1 Station 
Date Incident Duration Mean Peak Dosage IAvg.Wind Avg. Operation Schedule of~ 1971 Time (min) Cone. Cone. (pphm-min; Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
7/4 0000-0740 460 26.8 96.0 12330 7 NNW Run Run 
1230-1830 360 19.3 100.0 6950 9 NNW Run Run 
2225-2305 40 9.0 28.0 360 7 NNW Down Down 
7/7 0810-0830 20 1.0 2.0 20 6 w Down Down 
1050-2400 790 17.6 40.0 13900 7 NW 1030S ll20S 
1200D 1210D 
1300S 1310S 
7/12 0510-0700 110 4.5 12.0 495 5 E 0535D 0540D 
0600S 0605S 
0615D 0625D 
1125-2400 755 17.5 58.0 13210 7 NNW 1120S 1135S 1900D 1900D 
7/21 0050-0915 505 21.8 62.0 11010 3 ESE Run Run 
270 14.9 72.0 4020 5 E 1300S 13158 1255-1725 1645D 1700D 
2125-2400 155 29.0 56.0 4500 7 ESE 2115S 21308 
20.8 57.0 11550 6 8E 0835D 0840D 7/22 0000-0915 555 0900S 09158 
0920-2400 880 15.2 52.0 13380 6 SSE Run Run 
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Table XXV. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at MACC-1 Station (continued) 
Date Incident Duration Mean Peak Dosage Avg.Wind Avg. Operation Schedule'~~ 1971 Time (min) Cone. Cone. (pphm-min' Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
7/23 0000-0915 155 28.0 53.0 11540 8 SSE Run Run 
2005-2210 125 15.5 33.0 1940 6 -- Run Run 
2305-2400 55 6.4 9.0 350 5 -- Run Run 
8/18 0320-0900 340 4.6 15.0 1560 3 ESE Run Run 
1250-2400 670 16.7 45.0 11200 5 SSE Run Run 
8/20 1915-2400 285 53.5 158.0 15250 6 SSE 1845S 1930S 
9/1 0825-2400 935 13.2 48.0 12340 6 SE Run Run 
9/3 0000-0220 140 15.0 28.0 2100 8 SSE Run Run 
0315-0355 40 2. 3 6.0 92 6 s Run Run 
0600-0720 80 8.6 17.0 690 6 SSE 0700D 0710D 
1840-2400 320 30.0 51.0 9600 7 SSE Run 1830S 
9/4 0000-0310 190 17.4 49.0 3310 8 s 0245D 0250D 
660 20.3 52.0 13400 9 SE 
1430D 1510D 
1300-2400 1450S 1515S 
9/5 0000-1140 700 10.0 45.0 7000 7 SE Run Run 
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Table XXV. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at MACC-1 Station (continued) 
Date Incident Duration Mean Peak Dosage Avg.Wind Avg. Operation Schedule,·~ 
1971 Time (min) Cone. Cone. (pphm-min) Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
9/5 1340-1520 100 6.0 26.0 600 9 SSE 1510D 1515D 
1655-2230 335 13.5 49.0 4420 8 SSE 2030D 2030D 2045S 2045S 
9/8 0000-0525 325 10.4 33.0 3380 5 SSE Run Run 
1230-1535 185 0.6 7.0 110 6 s Down Down 
1945-2400 255 36.2 65.0 9230 7 E 19008 2000S 
9/9 0000-0455 295 10.7 40.0 3160 6 SE Run Run 
0620-2400 1060 11.8 49.0 12500 6 ESE 
1055D lllOD 
ll55D 1115S 
9/27 0450-0650 . 120 24.2 60.0 2900 8 SE Run Run 
1810-2300 290 30.0 112.0 8700 8 ESE Run Run 
10/29 1325-2400 635 33.0 122.0 20950 8 ESE 
1720D 1720D 
17508 17558 
*D in this column means plant running before the indicated time and down thereafter; 
s means plant down before the indicated time and running thereafter. 
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Table XXVI. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at Bixby Station 
Date Incident Duration Mean Peak Dosage Avg.Wind Avg. Operation Schedule* 1971 Time (min) Cone. Cone. (pphm-min~ Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
5/8 1040-1505 265 41.5 136.0 11000 21 WNW Run Run 
6/2 0000-0515 315 32.0 110.0 10080 20 s Run Run 
0645-0935 170 23.0 144.0 3910 20 s 0815D 0820D 
1740-1840 60 1.2 8.0 72 22 s 1700S 17308 
1930-2005 35 1.4 3.0 50 20 s Run Run 
6/5 0430-0630 120 62.5 80.0 7500 20 8 Run Run 
1215-1405 110 72.7 180.0 8000 -- -- Down Down 
6/7 0320-0755 275 19.2 65.0 5280 21 s Run Run 




1920-2140 140 18.8 62.0 2630 20 N Run Run 
6/19 0000-0430 270 34.6 190.0 9340 22 8W Run Down 
1520-1800 160 18.2 149.0 2910 22 sw Run Down 
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Table XXVI. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at Bixby Station (continued) 
Date Incident Duration Mean Peak Dosage ~vg.Wind Avg. Operation Schedule* 1971 Time (min) Cone. Cone. (pphm-min~ Speed Wind Sinter Acid (hours) (pphm) (pphm) (mph) Direction Plant Plant 
6/20 0555-0850 175 47.6 190.0 8330 22 sw Run Down 
1415-1920 305 15.0 120.0 4575 23 sw Run Down 
2150-2240 50 5.5 25.0 275 22 sw Run Down 
6/26 0000-0135 95 39.0 83.0 3700 6 w Run Run 
1425-1850 265 24.0 119.0 6360 6 sw Run Down 
6/27 0150-0755 365 60.0 180.0 21900 5 ssw Run Down 
1155-1410 135 13.0 85.0 1760 7 sw Run Down 
1850-2130 160 40.5 180.0 6480 8 sw Run Down 
2335-2400 25 75.0 180.0 1880 -- -- Run Down 
7/17 0130-0220 50 10.0 27.0 500 6 SE Run Run 
0400-0935 335 36.6 122.0 12260 6 SE Run Run 
1040-1215 95 4.0 34.0 380 6 s Run Run 
1400-1540 100 2.5 10.0 250 5 s Run Run 
8/9 0130-0220 50 3.8 12.0 190 4 SSE Run Run 
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Table XXVI. Details of Sulfur Dioxide Incidents for Days Exceeding the 24-hour 
Standard of 7 pphm at Bixby Station (continued) 
Date Incident Duration Mean Peak D JAvg.Wind Avg. Operation Schedule,~ 1971 Time Cone. Cone. osage S Wind Sinter Acid (hours) (min) (pphm) (pphm) (pphm-min) (~~~~ Direction Plant Plant 
8/9 0325-0605 205 37.5 92.0 7690 4 s 0545D 0555D 05558 0605S 
1245-1715 270 31.0 112.0 8370 5 ESE 1330S 1410S 
8/19 0120-0755 395 25.6 92.0 10100 6 ssw Run Run 
1415-1525 70 1.2 6.0 84 6 sw Run Down 
1630-1650 20 1.8 17.0 36 7 ssw Down Down 
2340-2400 20 10.0 14.0 200 6 ssw Down Down 
8/21 0100-0845 465 24.8 117.0 11530 6 sw Run Run 
1320-1500 100 3.0 12.0 300 8 sw Run Run 
2245-2400 75 4.4 8.0 330 4 SSE Run Run 
*D in this column means plant running before the indicated time and down thereafter; 
s means plant down before the indicated time and running thereafter. 
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Table XXVII. Percent Frequency of Plant Operations 
Plant Mar. Apr. May June July Aug. Sept. Oct. Nov. 71 71 71 71 71 71 71 71 71 
Sinter 71 70 73 62 79 64 81 70 15 
Acid 70 69 73 24 78 62 80 69 4 
Blast 100 97 94 100 99 95 97 99 61 Furnace 
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The wind direction had great influence on the occur-
rence of sulfur dioxide incidents and this is seen from 
Table XXIX. About 66 percent of the total incidents occur-
red when the wind blew from S-WSW sector for the MACC sta-
tion, and from ESE-SSE sector for the MACC-1 station. The 
winds from these directions carried sulfur dioxide directly 
toward the stations. The influence of wind direction on the 
incidents was more pronounced (about 73 percent of incidents 
in S-SW sector) at the Bixby station. 
The sulfur dioxide concentration in the main stack 
emissions under various plant operating conditions is shown 
in Table XXX. The sulfur dioxide concentration in the 
emissions were found to decrease in the following order: 
Condition 1 ~ Condition 2 > Condition 3 > Condition 4. 
Hence, the largest rate of sulfur dioxide emission occurred 
when the sinter plant and blast furnace were running with 
the acid plant bypassed. However, this large rate of emis-
sion did not always result in high levels of sulfur dioxide 
in the ambient air due to various atmospheric conditions. 
From Table XXIV, it is seen that four incidents were 
recorded at the MACC station on June 12 under plant operat-
ing condition 1, and the incident mean sulfur dioxide levels 
were relatively low as compared to the levels of other con-
ditions. These low levels of 0.5 to 5.4 pphm could be 
attributed to the high wind speed of about 20 mph as well as 
the high relative humidity of about 100 percent during the 
Table XXVIII. Frequency of Incidents for Various Wind Speed 
Classes (percent) 
Number of Wind Speed Class (mph) Station Incidents 
0-3 4-7 8-12 13-18 19-24 >25 
MACC 30 0 51.5 6.0 0 42.5 0 
MACC-1 37 5.4 65.0 29.6* 0 0 0 
Bixby 35 0 16.6 13.4 10.0 60.0 0 
*Less than 9 mph for all incidents. 
Table XXIX. Percent Frequency of Sulfur Dioxide Incidents for Specified Wind Direction 
for Days Exceeding the 24-hour Standard of 7 pphm 
Station N NNE NE ENE E ESE SE SSE s ssw sw WSW w WNW NW NNW 
MACC 10.0 6. 7 0 0 0 3. 3 3.3 0 20.2 16.7 16.7 13.3 3.3 0 0 6.7 
MACC-1 0 0 0 0 8.6 17.0 20.0 28.6 8. 6 2.8 0 0 2.8 0 2.8 8.8 
Bixby 3. 0 3.0 0 0 0 3.0 6.1 6.1 27.3 15.2 30.3 0 3.0 3.0 0 0 
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Table XXX. Sulfur Dioxide Concentration in the Main Stack 
Emissions Under Various Plant Operations 
Condition Plant Operation Concentration (percent by volume) 
1 
Blast Furnace Running, Sinter Plant 
0.5 - 1.3 Running with Acid Plant By-Passed 
2 
Blast Furnace Running, Sinter Plant 
0.3 - 0.45 Starting-Up 
3 
Blast Furnace, Sinter & Acid Plants 
0.11 - 0. 2 5 Operating 
4 Blast Furnace Only Operating 0.03-0.08 
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incidents. Moreover, three of the four incident mean levels 
were less than 2 pphm because of the wind blowing away from 
the station. However, the operating condition 1 caused mean 
incident levels varying from 5.5 to 47.6 pphm under high 
wind speeds of about 22 mph at the Bixby station on June 19 
and 20 (Table XXVI). The above incident levels at the Bixby 
station were higher than those at the MACC station. This 
anomaly may predominantly be due to the early morning stable 
atmospheric conditions. It is seen that most of the high 
values of incidents during June 19 and 20 at the Bixby 
station occurred in the early mornings. 
The interrelationships among wind speed, plant 
operating condition, incident mean level, incident peak 
concentration as well as incident dosage were evaluated on 
the basis of those incidents produced by the winds blowing 
from a 90-degree sector toward the station. 
The effect of various plant operating conditions 
(without condition 2) and wind speed on the incident mean 
sulfur dioxide concentration is shown in Figure 18. Most of 
the incidents occurred in the wind speed ranges of 4-7 and 
19-24 mph under all operating conditions. The mean wind 
speed and the incident mean level could not be correlated 
because of the complicated topography of the area. With the 
exception of an anomalous incident (72.7 pphm from Table 
XXVI) at the Bixby station on June 5, the condition 4 was 
found to have never caused the incident mean levels to 
exceed 10 pphm (Figure 18). The only explanation for the 
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Figure 18. Relationship Between Wind Speed and S02 
Incident Mean Concentration Under Various 
Plant Operating Conditions 
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anomalous level of 72.7 pphm was due to the malfunctioning 
of the plant. Both conditions 1 and 3 contributed to 
incident mean levels of 1.4 to above 70 pphm accounting 20 
and 65 percent of the incidents, respectively. 
When the relationship between the wind speed and sulfur 
dioxide incident dosage was considered under various plant 
operating conditions (Figure 19), it was found that the 
condition 4 caused most of the incident dosage levels below 
1,500 pphm-min (which is equal to the dosage that would be 
obtained with the Missouri air quality 1-hour standard), 
and that the conditions 1 and 3 were responsible for dosage 
levels as high as 10,000 pphm-min (which is equal to dosage 
that would be obtained with the Missouri air quality 
24-hour standard). 
The relationship between wind speed and sulfur dioxide 
incident peak level is shown in Figure 20 under various 
plant operating conditions. Conditions 1 and 3 produced 
incident peak levels as high as 180 pphm. Eighty percent of 
the incidents produced by condition 1 resulted in peak 
levels exceeding 70 pphm (which is about the maximum value 
of all incident mean levels), while more than half of the 
incidents caused by condition 3 had peak levels below this 
value. All incidents due to condition 4 reached peak levels 
below 25 pphm. 
The frequency of various types of gustiness ln the 
smelter area for those days violating the 24-hour standard 
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Figure 20. Relationship Between Wind Speed and S02 
Incident Peak Concentration Under Various 
Plant Operating Conditions 
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Table XXXI. Percent of Time for Various Types of Gustiness for 
Days Violating the 24-hour Standard of 7 pphm 
Gustiness MACC MACC-1 Bixby 
A 15 28 16 
B2 49 39 57 
Bl 31 25 24 
c 0 0 0 
D 5 8 3 
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gustiness under which the sulfur dioxide incidents occurred 
were B2 and B1 at the MACC and Bixby stations while at the 
MACC-1 station, they were A, B2 and B1 . The A and B2 are 
mainly convective in nature and are associated with highly 
unstable atmosphere, while type B1 represents a combination 
of convective and mechanical turbulence and is associated 
with moderate instability (16). This indicated that 
turbulence is of major importance in diffusion of sulfur 




On the basis of the results obtained in this study, 
the following conclusions were drawn: 
1. The seasonal average wind speed for the area 
surrounding the MOLOC smelter decreased as follows: 
Spring > Winter > Summer > Fall. 
The predominant winds on an annual basis were from SE and S 
during the period September 1970 to August 1971, while the 
seasonal prevailing winds occurred from N, SE, S, WNW and 
NW. 
2. The monthly and seasonal distribution of one-hour 
average values during the study period showed that about 
56 to 93 percent of the time the sulfur dioxide concentra-
tion was less than 0.3 pphm. However, the hourly sulfur 
dioxide concentration whenever episodes occurred was found 
to range from 0 to as high as 135 pphm (more than 5 times 
the 1-hour Missouri air quality standard). 
3. The monthly sulfur dioxide concentration was 
higher in July than in other .months at the station (MACC-1) 
965 ft. from the main stack; the seasonal concentration 
was found to be higher in the summer compared to other 
seasons at the stations 965 ft. (MACC-1) and 7200 ft. (Bixby) 
from the main stack. 
4. Seventy five percent of the monthly diurnal peak 
sulfur dioxide concentrations occurred between midnight 
and 8 a.m. in the study area. 
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5. The ambient sulfur dioxide level was lower at 
extended distances from the smelter, however, the relation-
ship between the distance and pollutant concentration was 
reversed during high wind periods with large wind 
frequencies. 
6. The number of violations of 1-hour and 24-hour 
Missouri air quality standards was found to be as follows 
during the study period: 
1-hr standard 24-hr standard 
within property boundaries 





7. The occurrence of sulfur dioxide incidents was 
dependent on the wind speed. Almost all of the sulfur 
dioxide incidents were found to occur under 4-7 and 19-24 
mph 2000 ft. from the main stack; however, 2 out of 3 
incidents occurred under 4-7 mph at 1000 ft., and 3 out of 
5 incidents under 19-24 mph at 7200 ft. from the stack. 
8. The incident mean and peak sulfur dioxide levels 
and dosage were directly affected by the plant operations. 
However, due to the malfunction of the acid plant, condi-
tion 3 (blast furnace, sinter and acid plants operating) 
was found to be responsible for 65 percent of the episodes. 
But, condition l (blast furnace and sinter plant operating 
and acid plant bypassed) accounted only for 20 percent of 
the incidents. This lower percentage was due to the short 
duration of the acid plant bypass during the study period. 
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9. Based upon the findings of the research, many 
corrective actions have been taken by the AMAX Lead Company 
of Missouri such as the installation of a sulfur dioxide 
warning telemetry system and the modification and renewal 
of the acid recovery plant to avoid serious air pollution 
episodes. Also, additional measures are being considered 
to meet the ambient air quality standards by increasing 
the height of stacks. 
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VII. RECOMMENDATIONS FOR FUTURE RESEARCH 
This investigation has established, on the basis 
of air quality studies, that plant operating conditions of 
the lead smelter were mainly responsible for causing 
sulfur dioxide incidents in the surrounding area. In the 
course of the investigation, it became apparent that the 
research areas outlined below required further study. 
1. The sulfur dioxide distribution in the surround-
ing area should be further evaluated in conjunction with 
atmospheric stability in terms of Pasquill stability 
classes, and emphasis should be placed on the measurement 
of vertical wind profile. 
2. A complete and detailed emission inventory of all 
possible sources including main and acid plant stacks 
should be carried out, and a continuous stack emission 
monitoring device should be installed. 
3. The effectiveness of precipitation on the sulfur 
dioxide levels in the air should be studied. 
4. The distribution of particulates in the surround-
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